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ABSTRACT

Pate1, Dilipkumar. M.Sc., The. University of Manítoba.

October , L979. The Feasibility of Using Bacillus stearo-

thermophilus A.T.C.C. 10149 As A Test O@

Det,ection of Antibiotics fq $ilk' Major Professor: Dr.

Ronald R. Pereira.

Spore sensitivity of Bacillus stearothermophilus var.

calidolactis was compared to spores of Bacillus stearother-

mophilus A.T.C.C. 10149 as test organisms for the detection

of residual levels of antibiotics, particularly penicillin,

in milk. All antibiotic tests were performed using simu-

laÈed Delvotest P test.

Using B. stearothermoPhilus var. calidolactis as a

standard test organism for the detection of antibiotics j-n

milk, the spore sensitivity of B. stearothermophilus A.T.C.C.

10149, \^/as shown to be less sensiÈive Èowards penicillin.

By varying the initíal concentrations of B. stearothermo-

philus A.T.C.C. 10149 spores, it was observed that increas-
tr

ing the concentration of spores from approximately 2.0 x10"
1

to 2.0 x 10' spores per mI subsequently increased t'he rate

of acid production by thís organism, but regardless of the

Spore inoculum. For ease of comparison a Spore level of

approximately 2.0 x 106 spores per mI was chosen as an ini-

tial inoculum to be compared with spores of B. stearothermo-

philus var. calidolactis. Optimum temperature fot acid
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production by B. stearothermophilus A.T.C.C. 10149 was 43 C.

9. stearothermophilus var. calidolactis, Oo the other hand,

showed opÈimum acid production aÈ 65 C. Three hours 15

minutes vlere necessary to achieve Satisfactory acid produc-

tion as evident by colour change of bromocresol purple in the

case of å. stearothermophilus var. calidolactis was 3 hours

at 65 C. The determination of the amount of acid produced

in the above test v/as performed in the absence of anti-

biotics.

The antibiotic sensit,iviti-es of both these micro-

organisms were determined using the agar diffusion disc

assay method. 9. stearothermophilus var. cali4olactis was

shown to be sensit.ive to penicillin to a level of 0.004

International Units of penicillin per ml of milk while 9.

stearothermophilus A.T.C.C. 10149 was shown to be sensitive

t.o penicillin to a leveI of 1.0 International Units of peni-

cillin per ml of milk.

Medium A developed by Lameris et al. (1976) was found

to be a more suj-table medium for the production of acid as

compared t.o Medium B d.eveloped by lgarashj- et al. (1960).



TNTRODUCTION

The presence of antibiotics in milk has been an impor-

tant. problem in the dairy industry for two main reasons:

(a) Milk and milk products containing antibiotics, when con-

sumed directlyr mêy present a significant hazard to the

health of individuals who become hypersensitized to penicil-

lin and other antibiotics. It is for this reason that the

sale of dairy products containing antibiotics is prohibited

by the Canada Food and Drug law (O1son and Sanders, 1975) .

(b) The presence of ant.ibiotics in fluid milk may also slow

down or completely inhibit the production of acid by bac-

terial starter cultures when they are employed in the manu-

facture of dairy cultured products such as cheese and cul-

tured milks (Olson and Sanders, L957) .

The most sensitive method used for the detection of

antibiotic residues in mj-Ik requires the use of freshly

prepared test cultures of micro-organisms using standard

concentrations of penicillin or other antibiotj-cs which are

to be detected in the milk. Det,ection of antibiotic con-

taining milk, employing tests which would yield results in

a minute or less would be extremelv desirable for the fol-

lowing reasons:

(a) The method of transporting míIk from dairy farms to

dairy processor or cheese plant is by bulk tank Èruck.

!l^ ^

äÈ



a result of this method of milk pick-up, one supplier could

contaminate a whole load of milk in that tank with antibio-

tics and as such render that milk useless for consumption.

(b) In most, cases the milk is processed on the same day it,

is received, therefore, tests detecting the presence of resi-

dual antibiotics which require more than a few hours for con-

firmation, do not help the milk processor.

The methods current,ly used to detect antibiotics in

milk, despite the strict bacterial inoculum and test stan-

dardization procedures used, are sti1l very difficult to

compare for a variety of reasons. Some of these reasons

include the unstable bacterial cult.ure used as the inoculum,

and the requirement for skilled personnel to prepare, eva-

1uate, and perform the test. As a result of these difficul-

ties there has been an ever increasing demand for a test

method which would give results in a short peri-od of time,

requj-re less scientific proficiency and at the same time

would be less laborious and more economical to use.

Idea1ly, a test method to detect antibiotics should

be simple, sensitive, fast and reliable, in bulk tank

supplies or storage tank mi1k, especially for cheese and

milk processors whose personnel d.o not have the expertise

to perform more complicated assay procedures. The Sarcina

lutea test does not meeL the above criteria because it

requires skilled personnel and is both laborious and time-



consuming (Huhtanen et â1., L977) " The Bacillus subtilis

disc assay (Huhtanen et â1., 1977 ) is fairly simple but less

sensitive than the other tests.

Gist Brocades rrvr a Netherlands firm, has developed

and marketed a conmercially available test kit called

Delvotest P. Thís test kit meets all of the above criteria

to detect residual levels of antibiotics (Lameris et al.,

1975). The test is based on the acid production of Bacillus

stearothermophilus var. calidolactis, a penicillin sensitive,

thermophilic, spore-producing bacterium.

In this investigat.ion, studies were iniiiated to com-

pare the performance of B. stearothermophilus A.T.C.C. 10149

to B. stearothermophilus var. calidolactis as a suitable

test organism for the detectj-on of antibiotics in milk.

Studies were also initiated to determine the best conditions

for the growth and isolation of B. stearothermophilus spores

A.T.C.C. 10149 and the application of these spores to detect

residual antibiotics in raw milk. The above organism was

selected following an extensive literat.ure searcht it

appeared to have potential as a test organism.



REVTEW OF LITERATURE

BACILLUS STEAROTHERMOPH] LUS

Bacillus stea@ was first isolated in

L9L7, from a sample of canned corn (Donk, L920). Subse-

quent studies by ot,her researchers found that this organism

was the major source of contamination in low acid canned

products such as corn and spinach. The spores of 9. stearo-

thermophilus occur widely in soil in all climatic zones;

these Spores have also been found in the deep cores of ocean

sediments estimated to have an age of thousands of years

(Bartholomew and Paik, 1966). Growth of these organisms in

canned foods usually results in "flat-sour" spoilage (Donk'

1920). The "flat-sour" spoilage of the food is character-

ized by the prod.uction of acid but no gas. These spoilage

organisms are usually facultative anaerobes and obligate

thermophiles. Since the can retains a normal outward

appearance, this typg of spoilage cannot be detected by

examination of the unopened can but must be d.etected by cul-

tural methods t or by determining the pH of the food-

Physical and Chemical Properties of B. stearothermo-

philus

The genus Bacillus belongs to the family Bacil-laceae

which includes gram positive bacteria having the ability to

form endospores. The endospores díffer from the vegetative



cells because they are more refractive and are less suscep-

tible to staininq.

The most distincti-ve characteristic of B. stearothermo-

philus is its ability to grow at 50 -70 degrees Celsius,

sensitivíty to azide salts and a limited tolerance to an

acid. environment (Ruth et â1., L949). They are motile.

APPI.,ICATTONS OF ANÎTBTOTTCS IN AGRÏCULTURE

Moore et al. (1946) suggested that streptomycin and

sulphasuxidine, used singly or in combination, led to j-n-

creased growth response in chicks. Stokstad and Jukes

(1950) showed that the feeding of chlortetracycline also

had a stimulating effect on the growth of chicks. As a

result, chlortetracycline was commercially introduced for

use j-n animal feeds. Hays (1969) reported that in the

United StaÈes alone, L.25 million kilograms \^/ere used annu-

ally as diet suppleñents.

The use of antibiotics in the feed of pigs as growth

promoters was d.eveloped in the U.S.A., first in relation to

growth-fattenj-ng (weanling) pigs: The extension of the

practice to other branches of the pig husbandry came later

(Robinson, L962).

Radisson et al. (f956) reported that growth stimula-

tion from antibiotics in young ruminants is associated

mainly with the early weeks of life when the calves are in

fhe nre-ruminant state.v¡v



Five main antibiotics have come into general use for

feed fortification. These antibiotics are:

(1) chlortetracycline (4) bacitracin
(2) oxytetracycline (5) penicillin

(3) streptomycin

Additional antibiotics, which either are certified for

use in feeds or have been studied are:

(6) erythromycin

(7 ) nyst,atin

(I) tylosin

(9) oleandomycj-n

(10) spiramycin

Use of Antibiotics in the Food Industry

Curran and Evans (L945) were the first to use antibio-

Lics in food preservation. They reported that penicillin

had a sporicidal action against various gram-positive spore-

formers and that sub-Iethal heat-treatment before the addi-

tion of penicillin enhanced its action. Hovrever, the appli-

cation of antibiotics in the canning industry seems likely

to make slower progress than in other fields of food preser-

vation. This is due to the absolute necessity to ensure

that canned foods are first rendered safe from Cl. botulinum

by the traditíonal methods of thermal processing, curing and

pH control (Haw1ey, L960).



In 1950, Tarr et al. tested several antibiotics as to

their potential use in the preservation of fish. they ob-

served that the broad spectrum antibiotics of the tetracyc-

line group acted on the normal microflora of the fish and

t,hus concluded that this part,icular group of antibiotics was

by far the most effective in preventing the spoilage of fish.

In 1954, Kohler and co-workers reported that whole or

cut-up chickens when dipped in water containing varying

amounts of chlortetracycline, remained fresh and edible sig-

nificantly longer than did untreated cont.rol chickens. As

a result of these studies and other investi-gations, toler-

ance levels were establíshed for residual levels of chlor-

tetracycline j-n or on uncooked poultry. A permissible resi-

due of 7 parts of chlortetracycline per million was esta-

blished for uncooked, d.ressed poultry (Kohler, I954).

ANTIBTOTICS IN MILK

Inject,j-ng dairy cov/s with various antibiotj-cs for the

treatment of different bacterial infections, including mas-

titis, is a cofitmon veterinary practj-ce (Yusuf et al. , 1960).

This common practice, however, has created problems in the

milk industry i-ncluding large losses of milk used for dairy

cultured products and also hypersensitive reactions on Sen-

si-ti-ve individuals.

Welch et al. (1948) were the first to show the pre-

sence of residual levels of penicillin in milk following



intramuscular injection of co\¡IS treated for mastitis. They

used sodium penicillin and sodium penicillin G at a dosage

level of 12,000 Int,ernational 'Units/Ib. of body weight. In

some instances the antibiotic preparations were incorporated

into the feed as a dietary supplement.

1. Kinds of Antibiotics Used For Treatment of Mas-

Antibiotics, regardless of kind, are most commonly

administered to mastitic animals in a solution or suspension

which is then infused into the infected quarters of the

udd.er (Marth and Ellickson, L959). Penicillin was the first

of a series of antibj-ot,ics employed in mastitis treatment.

Its use was suggested in L946 by Johnson and Fincher.

Besides penicillin, other antibiotics suggested for use j-n

the treatment of mastitis are streptomycin, chlortetracyc-

Iin, oxytetracycline, bacj-tracin, neomycin, subtilin, chlor-

amphenicol and polymYxi-n.

Combinations of antibiot.ics have also been suggested

for the treatment of mastitis. Neomycin and penicillin

were shown to be the most effective combination (Vigue,

19s4).

2. Levels of Antibiotics Used for the Treatment of
-

The ouantit-w of antibiotic adminístered to an indivi-

d.ual udder varies according to:



(a) the type of organisms causing the infection in the udder;

(b) the severity of the infection;
(c) the kind of antibiotic used; and

(d) the frequency wiÈh which the antibiotic is to be adminis-

tered during the course of treatment (Marth and Ellickson,

19s4).

The recommended treatment levels of penicillin range

from less than 10,000 International Units (Bamum, L947) to

300,000 International Units; the most frequently administered

does is about 50,000 Internatj-ona1 Units

Antibiotics in Milk from Injected Cows

After an antibiotic is infused into the udder of a

mastitic cov¡ some of the antibiotic may be absorbed by the

tissues of the udder and appear in the blood. Those por-

tions of antibiotj-cs which are not adsorbed by the udder

tissues are voided in the milk. The quantity of antibiotics

voided varies with the individual nature of the cows (Har-

girove et al. , L950).

According to Doan (1956), the quantity of antibiotic

voided into the milk from treated coh/s depends oïI the fol-

lowinq factors:

(a) concentration and kind of antibiotj-c used;

(b) the amount of milk drawn from the gland;
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(c)

(d)

the

the

time interval between treatment and milkitg; and

carrier employed in the antibiotic preparatj-on.

Jorgenson et al. (1949) reported that the highest con-

centratíons of penicillin found in milk lvere removed from

the udder d.uring the first 24 hours after antibiotj-c treat-

ment or infusion. The administration.of higher concentra-

tions of antibiot,ic, for the treatment of mastitis in cov¿s,

resulted j-n the presence of antibiotics in the milk of the

cows for longer periods of time (Jackson and Bryan, L950).

The residence tj-me of penicillin in the udder was influenced

by its carrier (Foley et aI" , L949) " It was observed that

when penicillin was incorporated into a carrier consisting

of a mixture of mineral oil, water, lanoIin, propylene gIy-

col derivatives and a non-ionic wetting agent, that the

penicilli-n persisted for the longest time in the udderi 0.4

to 4.0 International Units v¡ere detected per mI of milk

even after 72 hours of infusion. When the carrier consisted

of mineral oil, water and lanolin, 1.5 to 20 International

Units per ml of milk were detected after 36 hours of infus-

ion. When water alone was used aS the carrier no residual

leve1s of penicillin were detected after 36 hours of infusion.

PROBLEMS CREATED IN THE DAIRY TNDUSTRY BY THE PRESENCE OF

RESIDUAL ANTIBTOTICS TN MTLK

The presence of antibj-otics in mj-lk and

has created problems of concern to the d.airy

public health officials. The major problems

milk products

industry and to

are as follows:
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(a) although it. is not the practice today to evaluate the

quality of milk by the dye reduction method, the residual

levels of antibiotics in milk'have an effect on the dye re-

ducÈion test;
(b) slow or complete absence of acid production by bacterial

starter cultures employed in the manufacture of various cul-

tured daíry products; and

(c) cheese production.

1. Use of Dye Reductj-on Tests to Determine the
Quality of Milk

Hunter (1-949) reported that the length of time required.

for the reduction of the dye in the methylene blue test which

was used to determine milk quality was increased when concen-

trations of 0.1 to 0.5 International Units of penicillin per

ml of milk \^zere present.

2. Slow or Complete Absence of Acid Production By
Bacterial Starter Cultures Employed in the Manu-
facture of Various Cultured Dairy Products

KaÈznelson and Hood (L949) and Krienke (1950) reported

that complete inhibition of acid production occurred when

0.5 fnternatj-onal Units of penicillin per ml of milk was

present and that as littIe as 0"1 I.U. produced strong in-

hibit.ion. Hunter (I949) found that the normal pasteuriza-

tion temperatures used in the milk industry do not alter or

destroy the antibiotic activity of penici-llin in milk. He

also observed that antibiotic levels which caused nearly
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complete inhibit.ion of the starter cultures produced marked

increases in the length of the ceIls. The cocci emerged as

elongated rods, apparently because of difficulty in cell

division. Baughman and Ne1son (1958) found that cells of

Streptococcus thermophilus tended to form long chains in con-

centrations of penicillin as low as 0.03 I.U. per ml of milk.

The Gram-posit.ive staining reaction of Streptococcus lactis

and Streptococcus thermophilus was reversed by exposure to

various 1ow concentrations of penicillin.

3. Cheese Production

lrlessner (1953) reported that acid production by a

mixed start.er culture of Streptococcus lactis and Strepto-

coccus cremoris during the manufacture of cheese was retarded

0, 2,3.5, 9,15, 19.5, 31.5 and 38 minutes by the presence

of 0. Ol , 0 .02, 0.03, 0. 05, 0.08, 0.10, 0.15 and 0 -20 I.U. of

penicillin per ml of milk, respectively.

After a three-month ripeni-ng period, the various

cheeses \üere examined and the following observations were

made:

(a) cheeses made from milk whj-ch contaj-ned 0.02 I.U. of peni-

¡:ì'l'lin ncr ml were discoloured, cracked strongly' putrified

and had a pH value of 6. This is due to the fact that the

mixed starter cultures containing Streptococcus lactj-s and

Streptococcus cremoris are sensitive to the residual levels

of antibiotics. AS a result of this' some putrefactive
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bacteria (Proteus and Pseudomonas) normally present in milk

d.ecompose proteins anaerobically to produce foul-smelling

compounds such as hydrogen sulfide, amine and fatty acids;

(b) cheeses made from milk containing 0.04 I.U. of penicillin

per m1 of milk showed signs of a butyri-c acid fermentation.

The cheeses had a pH value of 5.6 and some \^/ere cracked and

slightly putrid. Butyric acid may be produced in milk by

the action of Clostridum species under conditions that pre-

vent or inhibit. the normal acid production by Èhe starter

cultures due to the residual levels of penicillin;

(c) a butyric acid fermentation and a pH value of 5.4 were

noted in cheeses made from milk which contained 0.02 I.U.

per ml of milk; and.

(d) cheese that appeared normal and had a pH value of 5.3

was made from milk contai-ning 0.005 I.U. of penicillin per

mI of mi1k.

Hunter (1949) reported that cheddar cheeses made from

milk which contained from 0.07 to 0.10 I.U. of penicillin

per mI of miIk, h/ere slightly sweet, weak and lumpy or

curdy at L4 days of aging. After three months, the cheeses

had a weak, pasty body; flavours varied from "slight1y off"

to rancid and fermented"
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METHODS USED FOR THE DETECTION OF ANTIBÏOTICS IN MTLK

The current methods used for detectinq residual levels

of antibiotics in milk are generally based upon two main

criteria:

(a) visual detection of antibiot.ic contamination in the milk

by adding a dye into the antibj-otic preparations used as a

carrier of antibiotic for intramammary infusion; and

(b) changes in bacterial growth (Marth, L961) .

(a) Antibiotic Preparations With_Added Dye

Shahaní (1958) used 100 mgs of a green turquoise dye

per 100r000 I.U. of penicillin and was able to detect the

green dye in the co$¡s' mil-k four to six milkings af ter intra-

mammary infusion. Milk of the first milking after treatment'

contained sufficient d.ye to impart colour even after it was

diluted 500 to 2,000 times the original volume. Udder tis-

sues or milk yields were not affected by the dye.

Hargrove and Plowman (1959) studied various chemical

compounds for their possible use as carriers of anÈibiotic-

contamination in milk. They concluded that fluroescent com-

pounds were superior to other compounds because of the ease

of d.etection in milk by ultraviolet light. The fluroescing

compounds used include fluoresceins, chlorophylls and hyd.roxy-

coumarins.
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(b) Changes in Bact.erial Growth

The use of bacteria as test organisms for the detecti-on

and. determination of antibioti'c residues in milk and milk

products are based on the ability of mj-cro-organisms to:

r_. grow

i i - .rrô\^/Y+v

media.

^ -,iaf ru

and

produce acid, and

produce zones of inhibition on an agar

1" Tests Based on Reduction of Dyes

All t,ests in this group make use of the principle

that antibiotics, if present in milk, will ínhibit the

growth of susceptible, sensitive test organisms. Hence, the

dye which has been added to the sample remains unchanged in

colour. The various dyes which have been used in the past

for this purpose include ResazurJ-n, Methylene blue and Tri-

phenyltetrazolium chloride (TTC) .

(a) Resazurin

Resazurin j-s a reducing dye. Hietaranta and Timroth

(1953) were the first to report a method of detecting peni-

cillin in milk using resazurin as the dye and Streptococcus

thermophilus as the test organism. Samples of milk to be

tested \^zere divided into two portj-ons, both of which were

heated to 80oC for 5 to 10 minutes in order to destroy the

normal microflora of milk which míght otherwise interfere

with the performance of the test. Penicillinase (0.4 I.U.
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per m1 milk) was added to one portion of heat treated milk

and resazurin plus culture were added to both portions after

which they were incubated at 3'8oC, and examined. at 3Q-minute

intervals for colour changes. The presence of penicillin

was indicated in about 45 minutes by no change in the colour

of the indicator in the portion of milk without penicilli-

nase. Slat.ter (1954) found that the resazurin method was

only a qualitative method and., hence, did not distinguish

between different levels of penicillin in samples of pas-

teurized. milk.

(b) Methylene Blue

Methylene blue -3, 7-bis (dimethylamino) phenazathionium

chloride, is an oxidizing reducing indicator. Schipper and

Peterson (1951) used methylene blue and a culture of Bacil-

lus cereus var. mycoids to detect antibiotic residues in

milk. A 0.5 ml sample of milk was placed j-nto a tube.

Sterile methylene blue together with an inoculum were added

to the sample and incubated at 37oC for 4 hours. In the

absence of any antibiotic the Bacillus species would grow

and reduce meÈhylene blue to leucomethylene. The presence

of antibiotic in the milk sample will inhibit the growth of

the j-noculum result,ing in no change in the colour of the

dye. It was observed that. 0.031 ug per ml of chlortetracyc-

line could be detected by this procedure. Schipper et al.

(L954) used Bacillus mesentericus as a test organÍsm for
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detecting chlortetracycline and oxytetracycline. Galesloot

(f955) used Streptococcus t.hermophilus and methylene blue to

detect penicillin in milk. He reported that the procedure

employed detected penicillin in milk at levels as low as 0.01

I.U. per ml of milk. The methylene blue test, however, is

also a qualitative test and as such does not serve to quan-

tify residual levels of antibiotics.

(c) Triphenyltetrazolium chloride (TTC)

Neal and Calbert (1956) were the first to describe

this meÈhod for detecting inhibitory substances in milk.

They employed Streptococcus thermophilus as the test orgian-

j-sm. The presence of residual amounts of antibiotics will

inhibit. the conversion of 2,3 ,5-triphenyltetrazolj-um chlor-

ide (Leucoform in color) to formazone (red in color) by the

actively growj-ng culture. Tt was also observed thaÈ this

test detected the presence of different antibiotics in milk

at the following mj-nimum leveIs: penicillin - 0.04 I.U.,

chlortetracycline 0.2 ug, oxytetracycline 0.25 ug, and

streptomycin - 4.0 ug per mI. A slight inhibition of the

test organism was observed by the presence of 10 p.p.m. of

quaternary amonium compounds and 30 p.p.m. of chlorine in

milk.

Kotter and Muspack (1958) used the

detection of anti-biotics in dried milk.
(1960) modified the T.T.C" test and used

T.T.C. test for the

Igarashi et al.

Bacillus stearo-
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thermophilus as the

presence in milk of

and about 0.5 ug of

tetracycline per mI

sensitive when used.

tracin "

test organism. The test detected the

0.005 I.U. of penicillin per mI of milk

tetracycli'ne, chlortetracycline or oxy-

of milk. However, the test was less

to detect neomycin, polymyxin and baci-

2. Test Based On Acid Production

This test is based on the principle that if the sus-

pected milk samples contain no ant.ibiot.ic residues, the test

organi-sms (e.g. Streptococcus thermophilus and Bacillus

stearothermophilus var. calid.olactis) will grow rapidly dur-

ing incubation and produce an acíd reaction in the nutrient

medium which will- cause the indicator such as Bromocresol

purple to change the colour. A number of different organisms

have been used to detect the presence of residual levels of

antibiotics in the miIk.

(a) Streptococcus thermophilus

Streptococcus thermophilus was used to detect antibio-

tics in milk by a number of different J-nvestigators. Collins

in 1957, suggested the addition of one mI of a diluted L6

hour-old culture (one part culture to two parts sterile skim

milk) of Streptococcus thermophilus to 10-m1 milk whi'ch was

previously pasteurized at 143 F (63 C) for 30 mj-nutes and

cooled to room temperature. The j-noculated samples were in-

cubated at. 40 C for L6 hours and. checked for coagulation.
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It was claimed that this method d.etected the presence of 0.02

I"U. penicillin per ml of milk (Collins, L957).

(b) Streptococcus agalactiae

This is one of the earliest test organisms used for the

detectíon of antibiotics in milk. The method is based on Íts

acid production (Watts et aI. , L945). Sterile litmus milk,

prepared by adding 0.75 g of litmus indicator to 100 g of

skim milk, \^¡as added to the milk sample which had been pre-

viously heated at 100 C for 5 minutes to destroy the normal

microflora of the milk sample which might otherwise inter-

fere with t,he test" the milk sample with litmus milk was

then inoculated with a sensitive strain of Streptococcus aga-

lactiae incubated at 37 C for 3 davs and checked for colour

development. A definite pink colour was considered evidence

ofgrowthandabsenceofpenici11in.Besidesthiss@.

coccqF species, various other species have been used. includ-

ing Streptococcus lactis and Streptococcus cremoris (Marth,

19s9).

(c) Lactobacillus bulqaricus
4

Ullberg (1952) described a test in which he used

Lactobacillus bulgaricus as the test organism. The organism

\.^/as sensitive to 0.01 I.U. penicillin per m1 of milk.

Samples of milk (2 ml) were heated to 90 C for I0 minutes

then cooled to 45 Ct inoculated with one drop of cul-ture and

incubated at 45 C. The milk samples were heated to destroy
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the normal microflora of milk which might otherwise inter-

fere with the test. After 2% hours of incubation the samples

were checked visually for coagulation. the above test is a

qualitative test.

(d) Commercial Dairy Starter Cultures

Many investi-gators have used dairy starter cultures as

test organisms for the detection of antibiotic residues in

milk. Reuhe (1950) after heating the milk sample to 1-75 F

for 5 minutes to destroy the normal microflora of milk which

may interfere with the test cooled it to 72 F. The milk

sample was then inoculated with Streptococcus lactis or

Streptococcus cremoris. These starter cultures are used

normally for the manufacture of cheddar cheese. Absence of

penicillin residues in milk was detected by visual coagula-

tion in 10 hours or less.

Adamse (1955) recommended the

in deÈecting antibiotics in milk.

clude Leuconostoc mesenteroids and Lactobacillus bulqaricus.

the author claimed that the yogurt cultures !ì/ere 10 times

more sensitive to penicillin than other starter cultures

and could detect levels as low as 0.005 I.U. of penicillin

per ml.

use of yogurt cultures

These yogurt cultures in-
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faì Bacillus stearothermophilus va

There have been differences of opinion about whether

Bacillus calidolactis is a vafid species. Hussong and Hammer

(L928) isolated a thermophilic, aerobic, spore-forming bac-

terium they named Bacillus calidolactis. Investigators in

Europe suggested that Bacillus calidolactis be moved to a

variety level of Bacillus stearothermophilus (Galesloot et

â1., 1968) . Fields et al. (L972) concluded that the name

Bacillus calidolactis is not a distinct species especiallv

when its UGC (guanine to cytosine) ratio data are used as a

taxonomic tool, and that such strains should be consid.ered

Bacillus stearothermophilus .

The rapid growth of Bacillus stearothermophilus at

elevated temperatures and their high sensitivity to penicil-

lin and other antibiotics indicated their potential useful-

ness as test organisms for the detection of antibiotics j-n

milk (Igarashi et â1., 1960). Due to the high optimal tem-

perature (65 - 66 C) used for the growth of these organisms

manv of the natural inhibitors in raw milk like Lactenin 1

(L1), Lactenin 2 (L2) , and Lactenin 3 (L3) would interfere

minimally or not at all with the test. This is due to the

inactivation of these inhj-bitors at a higher temperature

(Radolph et al. , l-966). The normal microflora of the raw

milk sample being tested for residual levels of antj-biotics

will also have minímal effect on the test because of hiqh

incubation temperature.
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Gist-Brocades rÌvr a Dutch company, developed an agar

diffusion test for the determination of vari-ous antibiotic

residues in milk. This test is novr commercially available

and is sold under the trade name Delvotest P usinq Bacillus

stearothermophilus var. calidolactis as test organism

(Lameris et al. , !975). The Del-votest P test kit has several

advantages over those antibiotic tests which are currently

being used to detect antibj-otics in mi1k. These advantages

include greater sensitivity of the test organism to penicil-

lin, rapid completion time of the test, less interference

from natural inhibitors in the milk, and nr.åa". stability

of the activated spores.

The Delvotest. P can detect as low as 0.004 I.U. peni-

cillin per m1 of milk sample (Lameris et aI. , L975). It is

also more sensitive to other antibiotics used in veterinarv

medicines such as chlorotetracyclin and streptomyci-n.

the Delvo P test approximately takes 2à hours for com-

pletion. It is possible to reduce the time of the test to

lL hours by pre-incubating the medium containing the spores

(Lameris et al. , L975). The reduction in the time taken for

a completed test by pre-incubation would be very desirable

to commercj-al operations where rapid. confirmation would. be

a d.efinite asset. Commercially, pre-incubation i s carried

out by adding a nutrient tablet to an ampoule containing
?

2 x 10" Bacillus stearothermophilus var. cal spores

per ml, "* ,-"*"4*t t* ampoule (without a test milk
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sample) for I hour. However, pre-incubation must never be

longer than I hour, since the amount of acid produced by the

growth of Bacillus stearothermophilus var. clrlidolactis may

be large enough to change the color of the indicator giving

a false positive test.

Due to t,he high incubation temperature (65 C) the de-

creased interference by the natural antimicrobial substances

in raw milk hardly interfere with the test.

The test procedure is not affected by detergent resi-

dues and chlorine concentrations up to 200 p.p.m. or iodine

concentrations up to 150 p.p.m. in the raw milk.

Due to the activated spore suspension the test kit is

more stable with longer shelf life.

The Delvotest P test is based on the principle that if

the suspected milk sample contains no antibiotic residues,

the test organisms Bacillus stearothermophilus var. calido-

lactis will grow rapidly during the incubation period and

produce an acid reaction in the nutrient medium which will

cause the'bromocresol purple indicator to change from purple

to yellow. However, the presence of antibiotic residues j-n

the milk being tested will prevent the subsequent production

of enough acid by the growth of the test organism" Hence,

ror or very littIe, acid will be produced and the medium

will remain purple (Nielson, L976) .

Lameris et al. reported that concentrations of 0.006

I.U. of penicillin per mI and higher giave positive results
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in all samples. Concentrations of 0"002 I.U. of penicillin

per ml gave negative results while the intermediate concen-

Èrations (0.002 - 0.004 I.U. /mI) produced variable and doubt-

ful results.

Packard et aI. (L975) compared the Delvotest P method

with the Bacillus subtilis (A.T.C.C. 6633) disc assay and

the Sarcina lutea (A.T.C.C. 9430) cylinder plat.e. method.

The author reported that of a total of 288 samples of ra\^I

milk analyzed, for penicillin, the Bacillus subt.ilis disc

assay method detected one positive sample. This represents

a detection level of 0.34.e" over a one-month tría1 period.

The Delvotest P method on the other hand detected seven posi-

t,ive samples which represents a deÈection level of 2.4e" and

one questionable sample. When the Sarcina lutea cylinder
plate test procedure was used for those samples found posí-

tive by the Delvotest P test¡ only two of the seven samples

showed positj-ve results. Five of the Delvotest P positive

samples failed to show the positive results.

Packard et al. concluded that the Delvotest P method

appeared to be more sensitive for the d.etection of penicillin

as compared to the other two methods. In addition, the test

was faster and simpler to perform.

The International Dairy Federation (IDF) approved the

use of a disc assay procedure for the detection of penicillin

in mílk, using Bacillus stearothermophilus var. calidolactis

as a test organism (Kaufman, 1977). As a result of this,
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most dairies in Europe have introduced this disc test, using

Bacillus stearothermophilus var. calidolactis as a routine

procedure for the determination of residual antíbiotics in

milk. The disc assay procedure for the detection of resi-

d.ual levels of penicillin in milk as recoilrmended by the

American Pub1ic Health Association uses Bacillus subtilis
(A.T.C.C. 6633) as a test organism. It detects up to 0.05

I.U. and hi-gher concentrat.ions of penicillin per mI (Wright,

L962). Messer et al. (1977 ) have proposed an addition to

the Standard Methods for the examination of Daj-ry products

to include a new and more sensitive qualitative test to

det.ect penicillin in raw mj-lk. The test requires less time,

and is readily adoptable by dairy laboratories. This test

involves an agar diffusion test for the determinat,ion of

various antibiotic residues in mil-k. The test is now com-

mercially available and sold under the trade name Delvotest

P using Bacillus stearothermophilus var. calidolactis.

The test kit consists of the followinq:

(a) sealed ampoules each containing approximately 2.0xtO6|mt

of highly purified spores of Bacillus s@

var. calidolactis;
(b) nutrient tablets, each containing 0.

mg glucose, 2.0 mg non-fat dry milk and

5 mg tryptone, 5.0

0.25 mg bromocresol

nrrrnl a.

(c) dosing syringe and single-service,

^*¡c¡.1rLt

disposable pipettes;
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(d) tweezers.

3. Test Based on Agar-Díffusion

All test procedures in this group are based on the

principle of growth inhibition of the test organj-sms by an

antibiotic placed in contact with a portion of the inocu-

lated agar prior to growth of the culture. Methods of

interpretation have varied from susceptibility based on

zone-on-zone readings to susceptibility based on measurement

of the zone diamet,er (Balows , L97 4) .

There are several variables in the test that can cause

discrepancies in the results if they are not properly con-

trolled

The thickness of the medium, which affects the d.iffu-

sion rate of the antibiotic, has an effect on the zone of

inhibition.

The number of organisms per unit volume of the inocu-

Ium also markedly affects the results obtained with agar

dif fusion tests. The larger the number of organi-sms j-n the

ínoculum, the smaller the zone size.

There are two different ways to perform the agar-

diffusion test:

(a) cylinder-plate method and

(b) disc-p1ate method.
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(a) Cvlinder-plate Method

This method involves placing stainless steel cylinders

on the surface of seeded agar-plates. The samples to be

assayed are placed in these cylinders.

Foster and Woodruff (L944) described a method in which
â

1.5 x 10" per ml spores of Bacillus subtilis (a.t.C.C. 6633)

r¡/ere added per ml of an agar med.ium. Thirteen ml of this

seeded agiar qlas then poured into a petri plate and allowed

to solidify. Sma1l sterile glass cups \¡/ere armed and set

light.ly on the agar. These cups were filled with the sample.

Petri plates \lüere then incubated at 30 C for L2 to 16 hours.

The area around the cup in which microbial growth did not

occur (zone of inhibit.ion) was measured.

Schmidt and Mayer (L944), working with Staphylococcus

aureus, concluded that the size of zone of inhibit.ion de-

creased as depth of agar medium in the petri dish increased.

This is d.ue to the effect on the diffiusion rate of the

antibiotic by increased thickness of the medíum. Nilsson

and Nilsson (1954) concluded that aluminum cyli-nders are

unsuitable for cylinder-plate method because they inhibit

the growth of Staphylococcus aureus.

(b) Disc-plate Method

This method, ês in the case of the cylinder-plate

method, involves the preparation of seeded agar plates.

Blank sterile paper discs are soaked in the sample to be
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assayed and placed on the surface of the seeded agar plates.

Welsh et al. (1948) were the first to suggest a disc-

pIat.e method for the determination of antibi-otic residues in

milk using Bacillus subtilis (A.T.C.C. 6633) " Drury (1951)

described a procedure in which he utilized Bacillus subtilj-s

spores as test org:anisms, at a rate of 2.5 x 105 spores per

m1 of agar. Ten ml of this seeded agrar v/as then poured in

each petri plate. Paper discs of 0.25 inch in diameter were

Èhen soaked in the milk samples to be assayed and placed on

the surface of the seeded agar. Incubation was carrj-ed out

at 37 C for 4 hours and t.he zones of inhibition were then

measured. Silverman and Kosikowski (L952) concluded that the

paper-disc method was ineffective for the detection of sulfa

drugs or quarternary ammonium compounds.

Cerny q_t al. (1955) modified the above test and used

two 0 . 5 inch f ilter paper discs, one superj-mposed on the

other. They concluded that the use of double discs (0.5

inch) mad.e the test precise to 0.01 I.U. of penicillin per

ml, while precision below 0.1 f.U. per ml was lost with one

disc. Double discs absorbed about 10 times as much milk

sample as a single disc

Johns and Berzins (1955) working on a dj-sc-assay

method came to the conclusion that the zones of inhibition

could be detected in two hours only if fresh plates \'vere

used.. This was due to the active growth of the inoculum.

Refrigerated plates gave zones of inhibition in five hours.
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PUBLIC HEALTH PROBLEMS

Milk and. milk products c.ontaining antibiotic residues

(penicillin, chlorotetracyclin, etc.) are considered adul-

terated under the Canadian Food, Drug and Cosmetic Act

(Section 8.08.003) which states that milk:

(a) shall be the normal lacteal secretion, free from colos-

trum, obtained. from the mammary glands of the cow;

(b) may contain added Vit,amin D.

Milk containing residual levels of antibiotics may

present a significant hazard to the health of individuals
(Olson et, al. , 1975). It is a known fact that various anti-

biotics, such as the tetracyclines, bacitracin, poll.myxin

and neomycin, which are used for the treatment of bovine

mastitis may not pose a public health problem, even though

resid.ues of these antibiotics find their way into marketed

milk (Welch, L957) . The more common hypersensitivity drug

reactions (allergic) in man, however, are those caused by

penicillin. This is mainly due to repeated use of penicillin

for the treatment of various infections and diseases in man.

Welch (1957) estimated. that the popul-ation j-n the United.

States of Americar hypersensitive to penicillin was approxi-

mat.ely I7 to 20 million. Stewart, in 1973, concluded that

it was impossible to determj-ne a true estimate of the indi-

viduals that are hypersensitive to penicillin but that it
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was between 1 - 103 of the total population of the United

States.

Penicillin hypersensitivity can be induced in two ways:

(a) The immediate type involving reactions of humoral tissue

with a specific antigen formed in tissues following intra-

muscular injection and the oral administration of the anti-

biotics, and possibly, the ingestion of certain foods such

as milk and milk products (olson et aI. , L975).

(b) The delayed type of hypersensitivity which is a form of

immunologic response that is mediated by sensitized lymphoid

cells rather than by humoral tissue. This type of sensitiza-

t.ion can be the consequence of a long exposure to, and con-

tact with, penicillin not therapeutically administered

(Davis eL al., 1973) , i.e. individuals involved j-n the pro-

duction and dispensing of this antj-bíotic.

Anaphylactic reactions as a result of oral administra-

tion were at one time considered to be less severe and never

fatal. Recently, however, it has been observed that serious

reactions, following the ingestion of penicillin' can lead

to sequence of events including Serum sickness, the Arthus

Syndrom and even death (Stewart, L973) .

MODE OF ACTION OF ANTTBTOTICS

As stated previously there are numerous intramammary

infusion products containing certifiable antibiotics being
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used in treating mastitis in milk producing animals. With

few exceptions, penicillin is one of the antibiotic compo-

nents of such preparation (Olson et al. , L975).

A cell inhibited by an antibiotic is in a dynamic

state; interaction between an antibiotic and a specific

binding site in a sensitized cell triggers a chaj-n of reac-

tions which leads, ultimately, to inhibition of normal

growth and cell division and often terminates. in complete

autolysis of the cell (l{ewton, L965).

The bacterial ce1l wall cont,ains a number of compounds,

notably diaminopimelic acid, D-glutamic acid, D-a1anine,

muramic acid and teichoic acids (Newton, L965) . Penicillin

inhibit.s the growth of bacterial celIs, by interfering with

the synthesis of the bacterial cell wall (Hancock et al.,

L964). Edmund et aI. (1965) indicated that the cross-

linking reaction in the synthesis of the cell wal1 involves

a transpeptid.ation which results in the removal of the ter-

minal D-alanine and the penicillin interferes with mucopep-

tide synthesis at the specifi-c point.



32

IvTATERIA],S AND METHODS

MATERIAf,S

The bacterial cultures used throuqhout this investiqa-

tion were:

(a) Bacillus stearothermophilus var. calidolactis L.M.D.

74-L, supplied by the laboratory of Technical Microbiology

of the Technical University, Delft, The Netherlands (obtain-

ed directly from the Delvotest P kit).

(b) Bacj-Ilus stearothermophilus A.T.C.C. 10149, American

Type Culture Collect j-on , Rockvi- Ile , Maryland , ü . S .4.

The antibiotics used were:

(a) Penicillin G (1675 International Units/mg), Sigma Chemi-

cal Company, Saint Louis, Missouri, U.S.A.

(b) Penicillin K (1600 International Units/mg), Sigma Chemi-

cal Company, Saint Louis, Missouri, U.S.A.

Assay of the samples was carried out by using Bacto

concentration dj-scs (1" sterj-le blanks), Difco Laboratory,

Detroit, Michigan, U. S .4.
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METHODS

1. PreparaÈion of Media

(a) Tryptone Yeast Extract Glucose (TYG) Medium

The TYG medium used in these studies for the inoculum

preparation of vegetative cells was prepared as suggested by

Kim et al. (1966). The medium contained the following:

Tryptone 10.0 g

Glucose 5.0 g

Yeast Extract 5.0 g

K2HPO4 5.0 g

Distilled water 1000 mI

and was adjusted to pH 7.2 with 0.1N NaOH before steriliza-

ti-on.

(b) Sporulation Agar

The sporulation agar used in the spore preparation

was prepared as suggested by Kim et al. (1966). The medium

contained the followinq:

Nutrient broth 8.0 g

Yeast Extract 4.0 g

MnClr.4HzO 10.0 p.p.m.

Agar 20.0 g

Distilled water 1000 ml

and was adjusted to pH 7 with 0.1N NaOH before sterilization.
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lr': ) Mcd i um A\v/

Medium A used in these studies

gested by Lameris et al. (1975) " The

followinq:

Tryptone

Glucose

Skim milk po\^rder

Bromocresol purple

Distilled water

Medium B used

gested by Igarashi

following:

was prepared as sug-

medium contained the

0.5 g

5.0 g

2.0 I
0.025 I
600 ml

these studies was prepared as sug-

al. (1960). The medium contained the

20.0 g

10.0 I
0.5 g

1000 mL

at l-2l- C (15 psi) for 15

and was adjusted to pH 7 with 0.lN HCI before sterilization.

(d) Medium B

l_n

ê+

Tryptocase

Yeast Extract

Glucose

Distilled water

and was sterilized by autoclaving

-.: -,.!^^Iil.Il] rt Lg Þ .
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Prer¡aration of Veqetative Cell Inoculum

A slant of Bacj-llus stea.rothermophilus was washed with

0.2 ml of sterile d.istilled water. The ce1l suspension was

then transferred to a I00O-ml Erlenmeyer flask containing

100 ml of Tryptone yeast extract glucose (TYG) medium (Kim

et a1. , 1966). The inoculated flask was subsequently incu-

bated at 52 C to 53 C in a New Brunswick Scientific "Con-

trolled Environment Incubator Shaker" operating at 200 r.p.m.

for L2 - L4 hours.

The vegetat,ive cultures were maíntained by heavily

inoculating nutrient agar slants and incubating them at 55 C

for 48 hours. The agar slants \^/ere then stored at about

4 C, and transferred weekly to maintain culture activity.

3. Spore Preparation

were

agar

!.: ..^
UfVE

Two millileter aliquots of the above vegetative cells

evenly distrj,buted over the surface of the sporulation

in a l-litre Roux bottle. The distribution of vegeta-

cultures was aided by the use of sterile glass beads.

The Roux bottles were incubated at 53 C for 2 days

and 55 C for 7 days for B. stearothermophilus A.T.C.C. 10149

and B. stearothermophilus var. calidolactis' respectively.

(a) Harvesting of the Spores

After incubation the resultant spore growth was har-

vested by washing the surface agar with 10 ml of sterilized
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distilled water (c.a. 2 C). The harvested spores from each

Roux bottle t^/ere then quickly transferred to sterilized

flasks, partially immersed in'crushed ice. The spore suspen-

sion was centrifuged in a Sorvall superspeed centrifuge for

one hour at 2,000 r.p.m. using pre-sterilized centrifuge

tubes. The centrifuge chamber was equilibrated to I C prior

to use.

(b) Treatment of Spores with Lysozyme

After centrifugation the supernatent was discarded and

equal volumes of chilled d.ístilled water were added to the

centrifuge tubes in order to resuspend the pellet. A LZ

solution of lysozyme was added to the resuspended pellet at

a rate of I ml per 100 mI of pellet suspension. The pellet

suspension together with the lysozyme was incubated over-

night at 1 - 3 C in a rotary shaker operating at 100 r.p-m-

The addit.ion of lysozyme was used to ensure the liberation

of all endospores from sporangia and lysis of any unsporu-

lated cells in the preparation (Kim et al. , 1966) -

(c) Separation of Sp-ores from Lysed spgrangia

After lvsozyme treatment, the spores were washed

repeatedfy by centrifugation (2000 r.p.m. ) at I c with the

use of sterile distilled water at 2 C to resuspend the sedi-

mented spores. The purity of the Spore suspension v/as

checked by microscopic examinaÈíon using Fleming's Method

of spore staining (BDH).
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(d) Spore Inoculum Standardizatj-on

Reference curves for the standard.ization of B. stearo-

thermophilus strains vTere prepared by plotting the viable

spore count versus the percent transmission at 340 nm. A

Coleman III spectrophot,ometer v¡as used for the transmission

readings, usingi distilled water as the blank. A serial dilu-

tion technique, employing TYG medium was used for the deter-

mination of viable spore counts at each transmj-ssion leve1.

Petri plates were incubated at 52 C t.o 53 C for 48 hours and

then counted.

4. Determination of Temperature As A Function of Acid

The effect of the water-bath temperature on the dura-

tion of the test was i-nvestigated. Two hundred milliliters

of medj-um containing 2.0 x 106 spores per ml were incubated

at various temperatures in a Gallen-Kamp Shaker Bath operat-

ing at 100 r.p.m. The time required for the medium to com-

pletely turn from purple to yellow was recorded.

Determination of Acid Production b Bacillus
stearothermophilus Strains

Preliminary studies carried out during this investiga-

tion focused upon the rate of acid produced by various

levels of B. stearotheåmophil-us spores. Two hundred milli-

liters of the required medium were prepared and inoculated

with 2.0 x 106 spores per ml of the medium. The inoculated
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FTGURE 1 Standard Curve For B. stearothermo hilus var.
calidolactis Spore Concentrations
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medium v¡as then incubated in a Gallen-Kamp Shaker Bath at

their temperatures, respectively (65 C for B. stearothermo-

philus var. calidolactis and 43 C for B. stearothermophilus

A.T.C.C. 10I49).

Changes in acid production were determined at 30-minute

intervals by wj-thdrawing 10 ml of the sample and the pH of

the sample was determined.

(a) Measurement of pH

Changes in pH of the samples were measured by means of

a Fisher Accumet pH/ion meter (Model S20). The automatic

temperature compensation probe was utilized.

6. Assay Plate Preparation

The antibiotic disc assay plates were prepared by

evenly distributing 10 ml of TYG medium seeded with 2.0 x 106

spores per ml into 100 x 15 mm petri plates.

Sterile 1" Difco blank discs, held by means of sterile

tweezers, \^zere used to gently dip the blank disc edges into

the antibiotic sample untj-I capillary action had soaked them

completely. The saturated discs were then carefully laid

on the surface of the prepared plates. The plates were

d.ivided into four quadrants by means of a china marker; one

disc occupÍed each quarter of the plate. The assavs were

performed in triplicates. The plates were then incubated at

55 and 43 C for B. stearothermophilus var. calidolactis and
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g. gtearothermophilus A.T.C.C. 10149, respectively for 4

hours.

(a) Response Measurement

The diameters of the zones of inhibition were measured

on both axes through the center of the disc by means of pre-

cision calipers. the zones of inhibit.ion correlated to the

concentration of the antibiotic.

7" Preparation of Anlibiotic Samples of Known Con-
centrations

The standard stock solution of potassium penicillin G

was prepared to contain 10,000 units/ml in pH 6.5 buffer

(Kaufmann, L976) ¡ the buffer was mad.e by dissolving B g of

monobasic potassium phosphate and 2 g of dibasic potassÍum

phosphate in 1000 ml distil-led water, and adjusting the pH

to 6.5. The stock solution was used immedíate1y or stored

at 5 C for not more than 24 hours. On the day of use, 1 mI

of the stock solution was diluted to 100 ml with a pH 6.5

buffer. One milliliter of this solut,ion was further diluted

to 100 mI with the buffer. Additional dilutions were made

with sterilized (LzI C for 15 min. ) antibiotic-free homo-

genized whole milk as follows: I ml of the second dilution

was made up to 100 ml with milk; then 20, 10, and 5 ml

volumes were each diluted to 50 m1 with milk to obtain con-

centrations of 0.004, 0.002 and 0.001 I.U. of pencillin/mI,

respectivelv.



RESULTS

Preliminary studies were. carried out to determine the

optimum temperatu.res for acid production by B. stearothermo-

phj-lus var. calidolactis and B. stearothermophilus A.T.C.C.

10149. Subsequent studies were initiated to investigate

various parameters, affecting namely, spore inoculum levels,

media composition and antibiotic concentrations on the acid.

production of these two bacillus strains.

THE EFFECT OF TEMPERATURE ON ACTD PRODUCTION BY BACILLUS

The effect of various incubation temperatures on acid

production by B. stearothermophilus strains was monitored,

by observing changes ín the acid/base indicator employed.

As presented previously in the Review of Literature,

an antibiotic test was considered complete when the indica-

tor Bromocresol purple (pH 7.2) in the medium changed from

the original purple colour to a yellow colour (pH 5.3).

Figure 3 illustrates that for B. stearo@

calidolactis, using an inoculum level of approximately
a

2.0 x l0o spores,/mI; it required 3 hours 15 minutes, 3 hours

and 3 hours 30 minutes at 61 C,65 C and 67 C, respectively

for the indicator to change colour. From the above obser-

vaÈions it appears that approximately 65 C would be the

optimum incubation temperature for the test as evi
ffiut{tveni;ææú

@F fJIANITOBA

4¡nnnn\É5-

the acid production.
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FIGURE 3

At Spore l,evel of 2-.0 x l0o Spores/ml (Append.ix

't'aþre J )
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A temperature range between 40 C to 48 C was investi-

gated as an optimum temperature for acid production by B.

stearothermophilus A.T.C.C. 10149 (Figure 4). This tempera-

ture rang:e was chosen after prelj-minary studies indicated

that temperatures greater than or less than this specified

rang'e of incubation temperatures required a much longer

period. of time to turn the colour of the indicator in the

medium from purple (pH 7.2) to yellow (pH 5.3). Using an

inoculum leve1 of 2.0 x 106 spores/ml, Þ. stearothermophilus

A.T.C.C. 10149 required 6 hours, 3 hours 15 minutes, 4 hours

30 minutes, and 6 hours at 40 Ct 43 Ct 45 C and 48 Ct res-

pectively for the indicator to change from purple to yelIow

colour in this medium. These results indi-cate that an incu-

bation temperature of 43 C appears to be optimum for acid

production in that medium by B. stearothermophil-us A.T.C.C.

10149.



À
-f J-LrU .rtl5 + The Effect of Temperatu_rj:. On Acid Production By

B. stearotherm.ophilus A.T.C.C. 10149 At Spore
' 

'4 
!

Level of 2.0 x 106 Spores/m1 (Àppendix Table 4)

43 44 45 46

Incubation Ternperature ( C)

r0
(t

n

c)

.-1

.d

r0
rl
Ff

¡t

H

?n

Á^

b.rJ

1n
A'1



46

THE EFFECT OF DIFFERENT LEVELS OF SPORES OF B. STEARO-

The rate of acid produced by the various strains of B.

stearothermophilus when girotvn in Medium A at different spore

levels was investigated. Three different levels of spores
-q -6 7r,\iere studied, i.e. 2.0 x 10", 2.0 x 10" and 2.0 x 10' spores/

mI. The pH and titratable acidity of the medíum was deter-

mined at 30-minute intervals.

No change in the pH value or titratable acidity of the

medium was detected during the first hour of incubation at

65 C for B. stearothermophilus var. calidolactis regardless

of spore levels (Figure 5). However, at a spore level of
-2.0 x 10' spores/ml, the Bromocresol purple indj-cator chan-

ged t.o yellow after 2 hours and 30 mi-nutes of incubation.

On the other hand, it required approximately 3 hours of incu-

bation time at an inoculum leve1 of 2.0 x 106 spores/m1 to

change the colour of the indicaÈor in the medium to yeIlow.

Furthermore, when the spore leve1 was adjusted to contain
L\

2.0 x 10- spores/ml, the indj-cator did not completely change

the colour to yellow even after 4 hours of incubation, thus

indicating that the pH of the medj-um had not reached 5.3.

The amount of acid produced at spore levels of 2.0 x LO1 and.

Ã2.0 x lO" spores/m1 was observed to be at a maximum between

t hour 30 minutes and 3 hours of incubation at 65 C, after

which time the acíd production leveled off. The rate and

amount of acid produced was larger using a spore-level of
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FIGURE 5 The Effçct of Dijferent U:vels of Sporee_on

Ac_i_d. Production by B. stearothermophitus

var. c+lidolactis At 6T C Using lvigdium A

(Appendix Table 5 )
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2.0 x 107 as compared to inoculum levels of 2.0 x 106 or
q

2.0 x 10- spores/mI. From the above observations it would

appear that the acid production was directly related to the

size of inoculum.

As presented in Figure 6 it. can be seen that no change

in the pH value or Èitratable acidity of the mediìlm was

observed during the first hour of incubation at 43 C when B.

stearothermophilus A.T.C.C. 10149 was used at the same three

inoculum spore levels. However, following 2.75 hours of

incubation, the colour of the índicator in the medium chan-

ged to ye1low when a spore level of 2.0 x it}7 spores/ml was

used. When a spore level of 2.0 x 106 spores/ml was used

the test required an j-ncubation period of approximately 3.25

hours for the indicator to change to a yellow colour. When

the inoculum level was lowered to 2.0 x 105 spores/ml, in-

sufficient quantities of acid were produced to change the

colour of the indicator to yel1ow, even after 4 hours of

incubation. Figure 6 also indicates that the maximum

amount of acid produced. by the 2.0 x 106 and 2.0 x 107 inocu-

lum was produced between 1.5 to 3 hours of incubation.

After 3 hours of incubation the acid production leveled off.
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FIGURE 6 The E,ffe-ct of Different Levels of . Spores On

Acid Production by B. stearothe.=rmophilus
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THE EFFECT OF DTFFERENT LEVELS OF SPORES OF B. STEARO-

The rate of acid produced using varying spore inoculums
6 6 ,7of 2.0 x 10', 2.0 x 10" and 2.0 x 10' spores/ml in Medium B

was studied. The composition of Medium B was very simj-Iar

to the composition of Medj-um A with the exception, that

among other nutrients, Medium B contained yeast extract

whereas Medium A contained skim milk powder. The pH and.

ti-tratable aciditv of the medium was monitored at 3O-minute

intervals.

Figure 7 illustrates that in the case of Þ. stearo-

thermophilus var. calidolactis no change in the pH or titra-

table acidity of the medium was observed after 2 hours of

incubation at 65 C when all three spore levels were used.

At a spore level of approximately 2.0 x 10/ spores/ml, after

4 hours of incubation, a PH value of 6.2 was recorded. This

pH was not suffj-ciently low enough to result in a colour

change of the indicator supplied in the medium. When spore

levels of 2.0 x 106 and 2.0 x 105 spores/ml were used a

final pH of 6.3 and 7 .L, respectively was recorded after 4

hours of incubation. This also indicated an incomplete test.

When B. stðarothermophilus A.T.C.C" 10149 was grown in

Medium B, at a temperature of 43 C, no change in the pH

value or titratable acidity was observed for any of the three

different spore leve1s employed even after 2"5 hours of

incubation (Figure B). However, when the incubation period
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-Ë I tru .F(-E, I The Effect of Different Levels¡ of Spores On

Acid Production by P. stearothermophilus var.

calidolactis AF 65 C Usi+g Medium B (Appendix
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FTGURE B The Effect of Different Leve1s of Spores On

Acid Production by B. stearothermophilus

A.T.C.C. 10149 At 43 C Usinq Medium B '

(Appendix Table B )
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rdas extended to 4 hours, pH values of 6.3, 6.4 and 7.L, re-

spectively for spore levels of 2.0 x L07, 2.0 x 106 and
?

2.0 x L0'/mL were obtained

Increasing the concentration of spores j-ncreased the

rate of acid production by both organisms. However, the

amount was not enough to change the colour of the indicator

of the medium. However, in all cases the pH of the medium

at all- three levels of spores did not reach a pH of 5.3.

COMPARISON OF THE BUFFERING CAPACTTY OF I\'IEDIUM A AND MEDIUIU B

The difference in the rate of acid produced by the

organisms used in this study when gro!Àin j-n Media A and B as

seen in Figures 5, 6, 7 and I may be partially attributed

to differences in nutrient composition as well as differ-

ences in buf ferj-ng capacities.

Figure 9 presents the titration curves of Medium A and

Medium B. It was shown that only 0.4 m1 of a 0.1N HCI solu-

tion added to 200 mI of Medium A was required to cause a

marked decrease in pH in that medium. the pH was shown to

decrease from 7 .I to 5.3; this pH was sufficient to change

the colour of the indicator of the medium from purple to

ye1Iow. However, in the case of Mediuß B, it required 3.5

ml of a O.IN HCI solution to be added to 200 ml of the

medium before the pH value of 5.3 was achieved. The drop

in the pH value in Medium A was rapid. The drop in the pH

value in l"ledium B was gradual, thus inoicating that the
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nutrient composition

capacity than Medium

Medium B had a sreater bufferincr

DETERMINATTON OF THE SENSITTVTTTES OF B. STEAROTHERMOPHILUS
STR.A,TNS TO THE UNKNOIVN LEVELS OF PENICILLTN IN MILK

The penicillin sensitivities of 9. stearothermophilus

strains were determined using a disc-assay agar diffusion
proced.ure. As shown in Table l-, when the leve1 of penicillin

employed. was 0.002 1.1J./mL or lower no zones of inhibition

were detected using 9. stearothermophj-Ius var. calidolactis.

Clear zones of inhibition, however, were readily observed

for this organism when the penicillin concentration in the

milk was increased to 0.004 f.U./mI, after 4 hours of incu-

bation at 55 C.

When B. stearothermophilus A.T.C.C. 10149 was used as

the test organism¡ flo zones of inhibition were observed at

any penicillin levels lower than 0.9 I.U./mL of milk. How-

ever, clear zones of inhíbition \Mere observed when the peni-

cillin concentrat.ion was increased to 1. 0 1.U . /mI af ter 4

hours of incubatíon at 43 C.

From the above investigations one concludes that B.

stearothermophilus var. calidolactis is much more sensitive
1-o ncnir:i I I ìn feSidUeS aS ¡amn=rar{ +^ Þ. SteafOthefmçrnhi'l lrsuv vv¿¡¿v¿¿¿r¿¿ ! sr¿uqvÉ se vv¡!!vq! vs 

"" : Jìl¡¿¿¿ su

A.1.C.C. 10149.

of

A.



TABLE 1 Zone of Inhibition Versus Penicillin Concentration

For Bacil-lus stearothermophilus Strains

Peni.cillin Conc.

I.U. /mL

0.00r

0.002

0. 004

0.900

1.000

Control-

var. calidolactis

Trial I

ZONE DIAMETERS (mm)

0

0

14.5

0

Tria1 II

0

0

14.0

0

A.T.C.C. 10I49

Tria1 I

0

0

0

L7 .5

0

Trial II

0

0

0

18.0

0

LN
Or
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EFFECT OF PRE.INCUBATION ON TEST DUR.A,TION

As observed in Figures 5 and 6, approximately t hour

of incubation at 65 C and 43 C was necessary before any drop

in the pH of the media was detected. In some instances, as

reported in the literature, a very quick check for penicillin

residues in samples may be possible by pre-j-ncubating the

spore suspension prior to the performance of the test.
In this j-nvestigation, the spores of both strains of

9. stearothermophilus were pre-incubated for 30 and 60 min-

utes, respectively. With available test kits such as the

Delvo-P kit, pre-incubation is carried out by adding a

nutrient tablet to an ampoule containing 2.0 x 106 spores/

ml of medium, incubated for 30 and 60 1¡.ìnrrì-ac roqna¡f ir¡o'lrz

at 65 C devoid. of anv test sample.

It was shown in Figure 10 that when 30 minutes of

pre-incubation time was used for B. ste

calidolactis spores, the test required 2.5 hours of incuba-

tion time in order to chanse the colour of Bromocresol

purple from purple to yellow; on the other hand, 60 minutes

of pre-incubation time required only 2 hours of incubation

time to change the colour of the indicator in the medium.

Similar trends !,/ere obtaj-ned by pre-incubatj-ng B. stearo-

thermophilus A.T.C.C. 10149 spores for 30 and 60 minutes, as

shown in Figure 11. However, the incubation periods required

to cause the indicator to change from purple to yellow, i.e.
pH 7.I to 5.3 for 30 minutes of pre-incubation was 2 hours
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FIGURE 10 The Effect of Pre-incubation On Test Duration

Usinq B. stearothermophilus var. c.alidolactis
a

At An Inoculum Level of 2.0 x 10o Spores/ml

(Appendix Table 10)
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FIGURE 11 Thg _Effect of P{e-incubaLion On Test Duration

lisinq B. Lte:rothelmophilus A. T. C.. C . 10I49

At An Inoculum.Level of 2.0 x 10o Spores/ml

(Appendix Tabl-es 12 & 13)
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40 minutes and for the 60 minutes pre-incubation period was

2 hours 10 minutes.
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DISCUSSTON

Detection of antibiotic-containing milk, employi-ng

tests which would yield reliable results in a short period

of tj-me would be extermely desirable whenever milk is re-
ceived and processed. The value of a rapid and sensitive
test for detecting antibiotics in milk can be indicato.l hrr

the following facts:

(f) The method of transporting milk from dairy farms

to the dairies or cheese plants is primarily by bulk tank

trucks. As a result of this method of milk pick-up, one

lot of milk containing antibiotics could conceivably con-

taminate other lots of milk in the bulk tank durj-ns the

pick-up operation.

(2) In most instances the milk received at a dairy

or cheese plant is processed on the same day it is received,

therefore, tesÈs detecting the presence of residual antibio-

tics which require more than a few hours for confirmation

do not help the milk processor prior to milk pasteurization.

Moreover, Hunter (L949) found that normal pasteurization

temperatures used in the milk industry do not alter or des-

troy the antibiotic activity of penicillÍn in milk.
(3) Antibiotic-containing milk delivered to a cheese

plant could present a severe problem with starter culture

failure if this milk was used.
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(4) It is illegal under the Food, Drug and Cosmetic

Act to sell any dairy products containing antibiotics espe-

cj-ally penicillin because of the high proportion of the popu-

lation who are hypersensitive to this antibiotic.

The Delvo P test kit is one of the many commercially

available tests used for the detection of antibiotics i-n

mílk. The spore concentration in these Delvo P test kits

contain levels of approximately 2.0 x 106 spores/mI. In

order to duplicate and compare results with both strains of

E. stearothermophilus, a standardized spore inoculum was

requi-red.

Standardization of the spore inoculum was carried out

by measuring the percent transmission at 340 nm versus known

inoculum levels on a spectrophotometer. Studies in this

investigation revealed that spore concentrations of 2.0 x106

per m1 corresponded to a transmission reading of 462 in the

case of B. stearothermophilus val. calidolactis, and a read-

ing of 642 transmission for B. stearothermophilus A.T.C.C.

10149. The difference in the two spectrophotometric read-

ings at similar inoculum 1eve1s could perhaps be explained

by the difference in their respective spore sizes. Micro-

scopic examination of both types of spores revealed that B.

stearothermophilus var" calidolactj-s were much larger than

the A. T. C. C. 10149 strain. Spores of B. stearothermoJþi--
'1 ,,^ ..^--..:* ^.¡ruÐ vqly -L¿r ¡rZês anlnvhere from 1.0 U - J-., U * ,- U - 2.2 V

(Smith et â1., L952). It al-so revealed very litt.le, íf ânY,
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clumping of the inocul-um spores used in these simulated tests,

and as such would preclude percent transmission difference.

Sporulation of the vegetative cells was necessary prior

to the test. Sporulation was carried out in Roux bottles

using a recommended medium for 7 days at 55 C in the case of

å. stearothermophilus var. calidolactis and for 2 days at

53 C for B. stearot.hermophilus A.T.C.C. 10149. The time

required for complete sporulation was judged on a percent

spore recovery. Sporulati-on was continued in the Roux bot-
J-'t^- r.*J-.i 1 -*uÀsÞ sr¡L¿r eyproximately 90U of the vegetative cells had

sporulated, as examined by 10 different microscopic fields.
The effect of incubation temperatures on the spore

inoculum which subsequently influences the growth of the

test organisms was investigated. The growth rate of the

organism and quantities of acid produced by the test organ-

isms are of pri-me importance for a rapid detection of anti-

biotics in milk. An incubation temperature of 65 C was re-

confirmed as the optimum temperature for acid production by

E. stearothermophilus var. calidolactis. The optimum incu-

bation temperature required for acid production by B.

stearothermophilus A.T.C.C. 10149, on the other hand, was

shown to be 43 C. Lameris et al. (1975) reported that tem-

peratures outside the range of 63 - 65 C for B. stearothermo-

philus var. calidolactis not only decreased the reaction

rate, but also showed no similarity in the reaction rate at

the same temperatures using different milk samples.
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var. calidolactis at a spore level of 2.

In this study, the maximum amount of acid produced by

both the bacillus strains was obtained using a spore inoculum
'7

of 2.0 x 10' spores/ml. The time required to achieve the pH

end point of 5.2- 5.3 was approximately 2 hours 30 minutes

for B. stearothermophi-lus var. calidolactis, and approxi-

mately 2 hours 30 minutes to 3 hours for B. stearothermo-

philus A.T.C.C. 10149. Decreasing the spore inoculum to
aF

2.0 x lOo ml and. 2.0 x l0) spores/ml subsequently reduced

the amount of acid produced as indicated by the time taken

to reach the pH end point of 5.2 - 5.3" q. stearothermophilus
?

O w 'l ô o ,¿-'l râôr1i ra,lv Ã ¿v /LLIL, !çYuJ!gU

3 hours to attain this end. poi-nt. When 2.0 x 105 spores/ml

were used this pH end point could not be reached even after
4 hours of incubation. Similar results \^/ere obtained with

E. stearothermophj-lus A.T.C.C. 10149. Using a'spore inocu-

1um level of 2.0 x tO6¡mt, the tj-me required to reach the

pH end poinL was 3 to 3 hours 30 minutes; using a spore ino-
cul-ation leveI of 2.0 x tOs|mt, the end point of pH 5.2 to
5.3 could not be reached.

It was further observed in this i-nvestigation that the

spore inoculum leveIs also effected the rate of acid produc-

tion. The time required to change the colour of the Bromo-

cresol purple indicator was largely dependent on the initial
level of spores. This w-as evidenced by the time taken by

1
both these organisms at 2.0 x I0' spores/ml, as opposed to

^that required at an inoculum level of 2.0 x 10" spores/ml.
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For both straj-ns, the reductíon in time was 30 minutes by

increasing the inoculum level from 2.0 x 10o to 2.0 x 10i

spores/ml. However, the reduction in time achieved by emp-

loying a higher spore inoculum level would not yield any

apparent feasibility. The difference in time taken is not

of any great significance. The cost involved in using a

higher level of spore inoculum would not justify the slight

saving in tj-me. According to Huhtanen et al. (L977) , the

cost of the present Delvotest P is considerable (at present,

about 56 cents per test) as compared to less sensitive and

cheaper Bacillus subtilis disc-assay method. These authors

recommended that the Delvotest P test be used only to detect.

antibiotics in bulk tank lots of commi-ngIed milk where the

greater sensitivity would be an advantage while the less

sensitive, cheaper B. subtilis disc-assay method could be

used for farm bulk tanks where antibiotic dilution would be

minimal.

Besides the observation that the higher the level of

inoculum spores used, Èhe greater the acid production and

the rate of producing, it was also shown that no change in

the pH values or titratable acidity occurred during the first

hour of incubation at 65 C or 43 C, the optimum temperatures

for the two bacillus strains regardless of the medium

employed. This time lapse prior to any acid detection was

probably due to the transformation processes of the spores

into vegetative ce11s. According to Keynan et a1. (1965) in
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the transformation of a dormant spore into a vegetative cel1

at least three kinds of sequential events occur. The pro-

rlêsqêq ãrê raferfed tO AS Ar:tirzation - ctefminatiOn and OUt-

growth. Activation is a process which conditions the spore

to germinate under appropriate circumstances. Germination

results in a ceIl which has lost the typical characteristics
of a bacterial spore. Outgro\^lth is a process of synthesis

of new macromolecules, and results in the emergence of a ne\^/

vegetative cell.

The discussion above is based on observations from a

simulated test to the Delvo P test. The simulated testr âs

noted previously, employed B. stearothe

dolactis subcultured from Delvo P test ampoules. A d.i-scre-

pancy of 15 minutes in completion time was observed between

the simulated Delvo and the actual Delvo P test. However,

this difference in tíme was not considered significant.

Several factors including the exact standardization of the

spore inoculum could attribute to the difference ín the com-

pletion time of the test. AIso, in this investigation it
$¡as found that the simulat,ed Delvo P test employing B. stearo-

thermophilus var. calidolactis required a shorter coF-ra{-inn

time as compared to the test employing the A.T.C.C. 10149

strain. This investiqation showed that B. stearothermochi-

lus var. cali{elêçlis, regardless of the spore inoculum

level used, produced more acid than did B. stearothermophi-

lus A.T.C.C. 10149 at similar spore inoculum Ievels. The
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difference in the acid production noted between these two

strains could perhaps be due to strain specificity and sub-

strate composi-tion.

Since the Delvo P test depends on the amount and rate

of acid produced by the test organism to change the indicator
from purple to yellow, j-t was of interest to investigate the

buffering capacity of the Delvo P test medium (skim milk

based medium) as compared to that of Medi-um B (yeast extract
based medium) . It was hoped that a medium exhibitino 1 aqc

buffering capacity would be more sensitive to acid.-base

changes and hence make the test more sensj-tive. Studies

showed, however, that the yeast extract based medium showed

a higher buffering capacity compared to the skim milk based

Delvo P test medium.

The difference in the buffering capacity of these two

media could be partially explaj-ned by the concentration and

nature of amino acid species found in the yeast extract

media. Yeast extract contains approximately 452 by weight

of amino acids, the distribution of whj-ch is remarkably con-

stant (Block et al., 1945). Major amino acids found in

yeast extract are given in Appendix Table L4. The amino

acids present in the yeast extract are either of the neutral

or basic aroups. ft is thus apparent that basic amino acids

can react with the acid produced by these bacteria, resulting
in a gradual drop of the pH with incubation time. In con-

trast to Medium B, Medium A contained litt.le, íf ârìy, free
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amino acids. Skim milk contains approximately 25e" protein,

namely caesin. Thus, the acid produced by the test organism

in Medium A remained largely in the titratable form. Conse-

quently, a sharp drop in the pH value from 7.L to 5.3 was

observed over the same incubation period. Thus from the

standpoint of acid production, Medium A would appear to be

more superior to Medium B, since the time requi-red for the

completion of the test (i.e. change of indicator colour) is

dependent on the amount of titratable acid.

The time required for the completion of the test was

shown to be reduced by pre-incubating the spores. Pre-

incubation would be very desirable for commercial operations

because of the decrease in the time required for a completed

test. Incoming fresh bulk milk containing antibiotic resi-

dues could be confirmed more quicklv before it was used or

mixed with other milk Ín storage.

It was reported by Lameri-s et a1. (1976) that the 60-

minutes pre-incubation method used for tests employing 0.1

mI port.ion of sample led to a shift in the upper limit of

penicillin sensitivity from 0.006 to 0.008 I.U./mI. He also

reported that in the commercially available Delvotest P test

pre-incubation for B0 mj-nutes or longer rendered the method

unreliable because of well advanced acid production.

In this investj-gation, the pre-incubation of spores of

both strains were carried out for 30 and 60 minutes. With

q. stearothermophilus var. calidolactis pre-incubaÈj-on for
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60 minutes and 30 minutes reduced. the completion test time

by I hour and 30 minutes, respectively¡ âs compared to simi-
'l:r n^ñô ñrô-inCubatiOn teStS. A Similar trend was obtained.Y* v

for B. stearothermophilus A.T.C.C. 10149. This illustrated

the similarity i-n the ac j-d producÈion of the t\,ùo straj-ns.

With regard to penicillin sensitivity, our investiga-
t.ion revealed that B. stearothermophilus A.T.C.C. 10149 is
less sensitive to the antibiotic than B. stearothermophi.lus

var. calidolactis. However, at this phase of the investiga-

tion there is no indication that B. stearothermophilus

A.T.C.C. 10149 is more or less sensitive to other antibiotics

used in the dairv industrv and until further research is Ðer-

formed j-n this area, a true assessment of the organism's

role with respect to the detection of antibiotics in milk

cannot be ascertained.
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SUMMARY

The rate and amount of acid produced by B. stearother-

mophilus var. calidolactis and B. stearothermophilus A.T.C.C.

10149 in simulated Delvo tests was shown to be dependent on

the temperature of incubation. 65 C and 43 C were shown to

be the optimum temperatures for acid production by B. stearo-

thermophilus var. calidolactis and B. stearothermophilus

A.T.C.C. 10149f respectively. Increasing the initial con-

centration of spore inoculum for both these organisms from

approximately 2.0 x 105 to 2.0 x lo7 spores/ml subsequently

led t.o an increase ín the amount and rate of acid production"

Medium A (skim milk based) was shown to be more suit-

able for acid detection than Medium B (yeast extract based)

because of the lower buffering capacity of the former.

9. stearothermophilus var. calidolactis¡ âs a standard

test organism for the detection of antibiotj-cs in milk' was

found to be more sensj-tive than B. stearother$ophilus A.T.C.C.

10149. The sensitivity towards penicillin levels was shown

to be 0.004 I.U./nI of milk and 1.0 I.U./ml of milk for B.

stearothermophilus var. calidolactis and B. stearothermophi-

lus A.T.C.C. 10149, respectively.

Pre-incubatj-on of the spore inoculum for 30 minutes

and 60 minutes led to a decrease in time required for the

completion of the test time of 30 mínutes and 60 minutes,

respectively for both test organisms.
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APPENDIX TABLE 1

3 Transmi-ssion
@ 340 nm

Standard Curve for Bacillus stearothermophilus

var. calidolactis Spore ConcenLrations

TRIAL I

4.5

15.0

44.0

Colony-forming
unit/ml (cru ¡

60.5

91. 0

L5.7 x 106

84.0 x 105

22.L x I05

14.3 x 105

L7.6 x 104

å Transmission
@ 340 nm

TRTAL II

9.0

37.0

47 .5

68.0

89.5

Colony-forming
unit/ml (Cnu¡

90.0 x 105

31.0 x 105

15. B x 105

BB.0 x I04

31.0 x I04

{
Or



APPENDIX TABLE 2

3 Transmission
@ 340 nm

Standard Curve For Bacillus stearothermophilus

A.T.C.C. I0I49 Spore Concentrations

TRIAL I

3.0

33. 3

55.0

68.0

BB.O

Colony-forming
unit/m] (CFU)

43.0 x 106

81.0 x 105

28.5 x 105

19.0 x I05

52.0 x l-04

% Transmission
G 340 nm

TR]AL ÏI

30.0

45.0

70.0

97 .0

Colony-forming
unit/ml (Cru¡

91.0 x I05

65.0 x 105

1I.0 x 105

23.6 x 104

{
!



APPENDIX TABLE 3

temp. ( C)

The Effect of Temperature On Acid Production By

Bacill-us stearothermophilus var. calidolactis

TRIAL I

At spore l,evel of 2 x 106 spores/ml

6I

Incubation
Time (Hrs. )

65

67

0.00

3.25

0.00

3. 00

0. 00

3. 50

pH

6.9

5.3

6.9

5.3

6.9

5.3

Temp. ( C)

TRÏAL II

6t

Incubation
Time (Hrs. )

65

67

0.00

3.25

0.00

3.00

0.00

3.50

pH

6.9

5.3

6.9

5.3

6.9

5.3

\¡
@



APPENDIX TABLE 4

Temp. ( C)

The Effect of Temperature On Acid Production By

Bacillus stearothermophilus A.T.C"C. 10149 At
6,

Spore Level of 2.0 x l-0" spores/ml

TRIAL I

40

Incubation
Time (Hrs. )

43

45

0.00

6.00

0.00

3 .25

0.00

4.50

0.00

6.00

4B

pH

6.9

5.3

6.9

5.3

6.9

5.3

6.9

5.3

Temp. ( C)

TRIAL II

40

Incubation
Time (Hrs. )

43

45

0. 00

6.00

0.00

3.25

0.00

4.50

0.00

6.00

4B

pH

6.9

5.3

6.9

5.3

6.9

5.3

6.9

5.3

-j\o



APPENDIX TABLE 5

TRIAL I

Incubation

The Effect of Different Levels of Spores on Acid

Production by B. stearothermophilus var. calidolactis

Time (Hrs. ) pH

At65C

0.0

Usi-nq Medium A

0.5

2.0

1.0

x to7

t.5
¿.u

2.5

6.9

Titratable
Acid*

6.9

Inoculum Level (Spores/ml)

6.9

3.0

0. 30

0.30

0. 30

0.43

0 .54

0.77

1.00

1.10

1. 10

6.6

3.5

6.2

2.0 x 106

4.0

0. IN NaOII, il1

pH

5.3

4.9

6.9

Titratable
Acid*

4.8

6.9

4.8

6.9

o.29

0.29

0.29

0 .32

0 .42

0.52

0.77

0.94

t. 00

6.8

6.4

2.0 x 105

pH

5.7

5.3

7.4

Titratabtre
Acid*

5.0

7.0

4.9

7.0

0.2s

0.25

0.25

0.25

0.25

0 .25

0.30

0 .42

0 .44

7.0

7.0

't.0

6.9

6.5

6.4

O



Continued...

TRTAL II

Incubation

Time (Hrs. ) pH

0.0 6.9

0.5 6.9

1.0 6.8

r.5 6.6

2.0 6 .2

2.5 5.3

3.0 5.0

3.5 4.8

4.0 4.1

2.0 x 107

Titratabl-e
Acid*

Inoculum Level (Spores/n

0.31

0.31

0.33

0.43

0.54

0.78

I.00

I.20

1.30

2.0 x 106

0.1N NaOH, ml

pH

6.9

6.9

6.9

6.7

6.3

5.8

5.3

5.1

4.9

Titratable
Acid*

1)

0 .28

0.29

0.28

0.30

0.41

0. 51

0.7s

O. BB

0.99

2.0 x 105

pH I Titratable
I Acid*

7.0

7.0

7.0

7.L

7.r

6.9

6.8

6.5

6.4

0.27

0.26

0.25

0.28

0.28

0.3r

0.32

0.34

0.44
@
H



APPENDIX TABLE 6

TRIAL I

Incubation

The Effect of

Time (Hrs. ) pH

Production by B. stearothe

Ar 43 C

0.0

Using

0.5

2.0

1.0

x lo7

Medium A

1.5

6.9

Titratable
Acid*

2.0

6.9

Inoculum Level- (Spores/ml)

2.5

6.9

3.0

0.30

0.30

0.30

0.436.6

3.5

6.2

2.0 x 106

O.IN NaOH, ml

4.0

pH

5.5

5.0

6.9

Titratable
Acid*

0.s4

0.60

0.98

1. 00

t. 10

4.9

6.9

4.8

6.9

0.30

6.8

U

6.6

2.0 x 105

30

30

pH

6.2

0.33

0.43

0. s4

0 .62

0.98

1.10

s.6

6.9

6.9

6.9

6.9

6.8

6.5

6.4

6.3

Titratable
Acid*

5.0

4.8

0.30

0.30

0.30

0.30

0.33

0.45

0.45

0 .49

0.536.1
@
N)



Continued...

TRIAL II

Incubation

Time (Hrs") pH

0.0

0"5

1.0

2.0 x Lo7

r.5

6.9

Titratable
Acid*

2.0

6.9

Inoculum Level (Spores/ml)

2.5

6.9

3.0

0.30

0.30

0. 30

0.43

0.54

0.60

0.96

1.00

1. 10

6.9

3.5

6.8

2.0 x 106

0 . l-N NaOH, ITtl

4.0

pH

5.5

5.0

6.9

Titratable
Acid*

4.9

6.9

4.8

6.9

0.30

0.30

0.30

0.33

0.45

0-s1

o .62

0.98

1. t0

6.8

6.6

2.0 x 105

pH

6.2

5.6

6.9

Titratable
Acid*

5.0

6.9

4.8

6.9

0.30

0.30

0.30

0.30

0.33

0.41

0 .44

6.9

6.8

6.5

6.4

6.3

6.0

0.48

0.5s
æ(,



APPENDIX TABLE 7

TRIAL

Incubation

The Effect of Different Levels of Spores On Acid

Time (Hrs. ) pH

Production b

At65C

0.0 7 .r

0.5 7 .L

1.0 7 .r

1.5 7.L

2.0 7 .L

2.5 7 .0

3.0 6.6

3.5 6.3

4.0 6 .2

Usinq Medium B

2.0 x 107

Titratable
Acid*

Inoculum Level (Spores/m1)

0.27

0.27

0.27

0.27

0.27

0.28

0.33

0.40

0 .44

2.0 x 106

0.1N NaOH, ñ1

pH

7.r
7.r

7.r
7.L

l.r
7.0

6.9

6.4

6.3

Titratable
Acid*

0.28

0.28

0.28

0.28

0.28

0.29

0.30

0.36

0.40

2.0 x I05

pH

7.L

7.L

7.L

7.r

7.L

7.1

7.L

7.r

7.L

Titratable
Acid*

0.28

0.28

0.28

0.28

0.28

0.28

0.28

0.28

0.28

Þ



Continued. ".

TRIAL II

Incubation

Time (Hrs. ) pH

0.0 7 "I
0.5 7 .L

1.0 7 "r
I.s 7.0

2.0 7.O

2.5 6.9

3.0 6.9

3.s 6.4

4.0 6.3

2.0 x I07

Titratable
Acid*

Inoculum Level (Spores/ml)

0.28

0.28

0.28

0.25

0.25

0.30

0.30

0.4s

o.52

2.0 x 106

0.1N NaOH, frl

pH

7.r
7.r
7.L

7.r
7.r
7.0

6.5

6.4

6.3

Titratable
Acid*

0.28

0.28

0.28

0.27

0.27

0.28

0.36

0.38

0.43

2.0 x 105

pH

7.r
7.L

7.r
7.L

7.r
7.L

7.L

7.L

11

Titratable
Acid*

0.28

0.28

0.28

0.28

0 -28

0.28

0.28

0.28

0.28

æ
Ln



APPENDIX TABLE B

TRIAL I

Incubation

The Effect of Different Levels of Spores On Acid

Production by B. stearothermophilus A.T.C.C. 10149

Time (Hrs. ) pH

At 43 C

0.0

Usinq Medium B

0.5

2.0 x 107

r.0

1.5

7.L

Titratable
Acid*

2.0

7 .1,

Inoculum Level (Spores/ml)

2.5

7.L

3.0 6 .7

0.27

0.27

0.27

0.27

0.27

0.29

0 .32

0.39

0.43

7.L

3.5

7.L

2.0 x 106

0.1N NaOH, mI

4.0

pH

1.0

7.L

7.L

7.L

7.L

7.L

7.r
7.0

6.8

6.6

Titratable
Acid*

6.4

6.3

0.27

0.27

0.27

0.27

0.27

0.27

0.29

0:31-

0.34

2.0 x I05

pH

7.L

7.L

7.L

7.L

7.L

7.L

7.L

11

t.r

Titratable
Acid*

0.27

o.27

0.27

0 "27

0.27

0.27

0.27

0.27

0.27
æ



Continued...

TRIAL II

Incubation

Time (FIrs. ) PH

0.0 7 .r
0.5 7 .L

1.0 7 .r
1.5 7.r

2.0 7 .L

2.5 7.1

3.0 7.0

3.5 6.8

4.0 6.6

2.0 x 107

Titratable
Acid*

Inoculum Level (Spores/ml)

0.27

0 .27

0.27

0.27

0.27

0.27

o.29

0.31

0.39

2.0 x 106

0.1N NaOH, ml

pH

7.L

7.r
7.r
7.L

7.L

7.O

6.6

6.5

6.4

Titratable
Acid*

0.27

0.27

0.27

0.27

0.27

o.29

0.3I

0.38

0 .44

2.0 x 105

pH

7.L

7.L

7.r
7.L

7.L

7.r
7.L

7.L

7.r

Titratable
Acid*

0.27

0.27

0.27

0.27

o.27

0.27

0.27

0 -27

0.27
co\ì



APPENDIX TABLE 9

TRIAL I

Vot. of 0.tN HCl
Added (mI)

Com

MEDIUM A

rison of the Bufferin

0.0

0.1

0"2

0.3

0.4

pH

7.L

6"5

6.r

5.7

5.3

Vol" of 0.1N HCI
Added (m1)

of Media A and B

MEDIUM B

0.0

0.5

t.0

1.5

2.0

2-5

3.0

3.4

pH

7.L

6.9

6.6

6.3

6.0

5.7

5.4

5.3

@
@



Continued...

TRIAL II

VoI. of 0.1N HCl
Added (ml)

MEDIUM A

0.0

0.r
0.2

0.3

0.4

pH

7.L

6.5

6.1

5.7

5.3

Vol. of 0.1N HCI
Added (ml )

MEDTUM B

0.0

0.5

1.0

r.5

2.0

2.5

3.0

3.4

pH

7.L

6.9

6.7

6.4

6.1

5.8

5.5

5.3

@
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APPENDIX TABLE IO

Incubation

Time (Hrs. ) pH

The Effect of Pre-incubation On Test Duration Using

Level- of 2.0 x 106 Spores/m1 (Pre-incubation - 60 mins. )

0.0 6.9

0.5 6.8

1.0 6.3

1.5 5.8

2.0 5.3

2.5 5.1

3.0 4.8

TRIAL I

Titratable
Acid*

0 . IN NaOIl, ftI

0. 30

0 .32

0.43

0.50

0.76

0. 86

1.10

pH

TRIAL IÏ

6.9

6.8

6.3

5.7

5.3

5.1

4.9

Titratable
Acid*

0.30

0 .32

0.43

0. sl

0.76

O.BB

L.20

\o
O



APPENDIX TABLE 11

Incubation

Time (Hrs. ) pH

The Effect of Pre-incubation On Test Duratj-on Using

B. stearothermophilus var. calidolactis At An Inoculum

Level of 2.0 x 106 Spores/m] (Pre-i-ncubation - 30 mins. )

0.0 6.9

0.s 6.9

f.0 6.8

1.5 6.5

2.0 5.8

2.5 5. 3

3.0 5.0

TRIAL I

Titratable
Acid*

0.1N NaOH, ml

0. 30

30

0. 32

0.41

0. s0

0.76

0.92

pH

TRIAL II

6.9

6.9

6"8

6.4

5.8

5.3

5.0

Titratable
Acid*

0. 30

0. 30

0. 32

0.4].

0.50

o .77

0.91

\o
H



APPENDIX TABLE 12

Incubation

Time (Hrs. )

The Effect of Pre-incubation On Test Duration Using

B. stearothermophilus A.T.C.C. 101-49 At An Inoculum

Level of 2.0 x 106 Spores/ml (Pre-incubation - 60 mins.)

0.0

0.5

1.0

1.5

2.0

¿.4

3.0

pH

TRIAL I

6.9

6.8

6.5

6.1

5.5

4.9

4.8

Titratable
Acid*

0 . l-N NaOH, ml

0.30

0 .32

0.41

0.55

0.63

0.99

1. 10

pH

TRIAL

6.9

6.8

6.5

6.r

5.5

4.9

4.8

II

Titratable
Acid*

0.30

0.31

0 .42

0.56

0.61

0.98

r.20

\o
N)



APPENDTX TABLE 13

Incubation

Time (Hrs. )

The Effect of Pre-incubation. On Test Duration Using

B. stearothermophilus A.T.C.C. 10149 At An Inoculum

Level of 2.0 x 106 Spores/ml (Pre-incubation - 30 mins.)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

pH

TRIAL I

6.9

6.9

6.8

6.5

6.1

5.5

4.9

Titratable
Acid*

0 . lN NaOH, rTrl

0. 30

0.30

0.33

0.4s

0.55

0.63

0.99

pH

TRIAL II

6.9

6.9

6.8

6.6

6.2

5.6

4.9

Titratable
Acid*

0.30

0.30

0. 33

0.43

0.54

o.62

0.97

\o
UJ
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APPENDTX TABLE L4

sic Gro

Argj-nine

Histidine
T,rzc i na

eutral Grou

iso-Leucine
T-ar:ni na

Methionine

Phenylalanine

Threonine

lryptophan
m---^-i -^J-y!rr,ri:)rr¡E

Valine

cidic Grou

none

Approximate Amino-Acid Composition

Of The Protein of Saccharomyces

cerevisiae (calc. to L6Z N)*

3.L 5.3

)<<t

6.7 8"1

5.5 6.2
AF

2.6 2 .8

2.9 4.6

s.l 6. 0

L.2 1. 5

3.4 3.7
A?FA+.o ).Y

Amino Acid % Content

From Block, Nollinh, D.


